This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACKBORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



United States Patent m 

Goodfellow et al. 



[ii] 4,085,466 
[45] Apr. 25, 1978 



[54] PROSTHETIC JOINT DEVICE 

[75] Inventors: John William Goodfellow, 

Woodeaton; John Joseph O'Connor, 
Oxford, both of England; Nigel 
Graham Shrive, NW. Calgary, 
Canada 

[73] Assignee: National Research Development 
Corporation, London, England 

[21] Appl.No.: 821^05 

[22] Filed; Aug, 4, 1*77 

Related US. AppKcation Data 

[63] Continuation-in-part of Ser. No. 633,034, Nov. 18, 
1975, abandoned, which is a continuation-in-part of 
Ser. No. 632,824, Nov. 17, 1975, abandoned. 

[30] Foreign Application Priority Data 

Nov. 18, 1974 United Kingdom 49793/74 

[51] IntCl. 2 A61F1/24 

[52] US. CI 3/L91; 3/1.911; 

3/22; 128/92 C 

[58] Field of Search 3/1, 1.9-1.913, 

3/22; 128/92 C, 92 CA 

[56] References Cited 

U.S. PATENT DOCUMENTS 

3,715,763 2/1973 Link .. ~ 3/1.911 



3,728,742 4/1973 Averill et al 3/1.911 

3,837,009 9/1974 Walker 3/1.911 

3,867,728 2/1975 Stubstadetal :.. 3/1.91 

3,868,730 3/1975 Kaufer et al ; 3/1.91 

3,916,451 11/1975 Buechel et aL .. 3/1.91 

FOREIGN PATENT DOCUMENTS 

1,122,634 5/1956 France 128/92 C 

2,122,390 1/1973 Germany ; 3/1.911 

Primary Examiner— Ronald L. Frinks 

Attorney, Agent, or Firm — Cushman, Darby & Cushman 

[57] ABSTRACT 

A prosthetic joint device is provided with first and 
second components respectively providing convex and 
relatively flat articulator^ bearing surfaces, and a third 
component is located between the former components 
and has two surfaces which are complementary to and 
engage the convex and flat surfaces. Preferably the two 
pairs of engaged surfaces are suitably respectively 
spherically shaped and planar. The device can move 
under natural muscular and ligamentous control, in a 
varying manner closely simulating that of a natural joint 
which maintains uniform load distribution. Initial devel- 
opment centered on the provision of a knee joint endo- 
prosthesis, but the mechanics of the device are well 
suited to other joints, particularly of non-congruous 
form, and also to joints in exoprostheses. 

11 Oaims, 4 Drawing Figures 
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tion in the mode and axis of movement, while incongru- 
PROSTHETIC JOINT DEVICE ence between the surfaces to suit the requirements of 

movement necessarily reduces and/or varies the surface 
This application is a continuation-in-part of patent contact area with consequently disadvantageous load 
application Ser. No. 633,034 filed Nov. 18, 1975, now 5 distribution. 

abandoned which, in turn, is a continuation-in-part of An object of the present invention is to reduce the 
patent application Ser. No. 632,824, filed Nov. 17, 1975, difficulties of this situation by providing a device which 
now abandoned and concerns prosthetic joint devices. allows a closer approach to attainment of the ideal. 

Work on the hip joint has revealed a close association To this end, the invention provides a prosthetic joint 
between the geometry of the articulatory surfaces, the 10 device, comprising a first component having a generally 
load distribution across these surfaces, and the patterns convexly curved articulatory bearing surface, a second 
of degeneration observed in the population. A funda- component having a relatively flattened articulatory 
mental feature of the hip joint is that the surfaces exhibit bearing surface compared to that of said first compo- 
a fine incongruity which enables the contact areas to nent, and a third component having two articulatory 
grow with increasing loads, and at large loads, when all 15 bearing surfaces in back-to-back disposition and of indi- 
the available cartilage on the acetabulum is in contact, vidua! forms respectively substantially complementary 
the distribution of cartilage thickness appears to be such t0 ^ and second component articulatory sur- 
that a state of uniform pressure is achieved (A. S. faces. 

Greenwald and J. J. O'Conner, 'The transmission of In use of the invention in a knee joint endoprosthesis, 
load through the human hip joint", J. Biomechanics, 20 the ^ m $ second components are to be secured re- 
1971, 4, 507 - 528); spectively with the femur and tibia with the articulatory 

Similar geometrical design has been discussed in the sur faces of these components in facing disposition, and 
elbow joint and appears to be an important feature of component will be located therebetween to 

joint design in man and other animals (J. W. Goodfel- 8Cfve ^ a meniscal component with its articulatory 
low and P. O. Bullough, 'The pattern of ageing in the 25 bearing surfaces in respective engagement with those of 
articular cartilage of the elbow joint", and J. J. O'Con- the former components. 

ner, "The relationship between degenerative changes ^ c^g^^ces 0 f this arrangement are that: 
and load bearing in the human hip", J. Bone and Joint 

Surgery, 1973, 55B, 746). ■ ^ jh e femoral and meniscal components, and the 

However, the knee joint appears to be an exception to 30 mcniscal md tibial components, are capable of indepen- 
this more general rule, unless it can be shown that the dent relativc m0V emcnt by virtue of the complementary 
menisci play a significant role in the transmission or nature of ^ ^ pairs of engaged surfaces. More par- 
load. Work leading to conception of the present inven- ticularly> ^e femoral and meniscal components are 
tion has demonstrated that this is, in fact, the case ana ble of mutua i rotation about three orthogonal axes, 

that in the loaded situation the menisci do transmit a 35 ~£ ^ meniscal md tibial components are capable of 
considerable proportion of the load. Any resultant ten- mumal m ^ ofthe relevant axial directions and 
dency for the femoral condyles to push the menisci rotation about the third of such axial directions, 

radially outwardly is resisted by circumferential tension ^ resultant capability for relative movement between 

in the menisci. the femoral and tibial components is accordingly exten- 

Now it is reasonable to presume that, among other 40 embrace rolling, gliding, twisting, and 

things, an ideal prosthesis would reproduce the physio- bm ^ Qns thereof such ^ m foun d in the knee 

logical range, modes and axes of movement, and also ^7° 

the normal pattern of load bearing of the natural joint J generally convex and relatively flattened 

The mode and axis of mov 7^ m n ^™^ 45 shipmgs of the femoral and tibial component bearing 
complex and changing, and in ^™^ U ™^*t 45 Scan reproduce the natural shapings ofthe natu- 
both upon the ^^.f^^^^^^ raTfe^ral and tibial condyles sufficiently closely that 

ana, at me same nmc, r a r distribution of surface pressure is achieved in aU poa- 

£Sewofp^^ tl t _ 

re 7 ev l?? nr^ticetadicates that tills ideal (*) The meniscal component is entrapped between 

TS^E^i^t^SStS^ the femoral and tibial components by vime of the com- 

whS. coSr Ttte moZTsimple pivotal rotation plementary convex-concave shaping of tiie engaged 

about a^£fca£ S hinge devices have, in any femoral-meniscal component surfaces and the different, 

S led to an ^ciptable Mure rate. More recent «. relatively flattened, oomptoen^ry sh^mg of the en- 

Sosals seek to remedy the failures of hinge devices, gaged meniscal-tibial component surfaces, 

and involve two components which are respectively ....... 

^tS witiTtiieTm^r and tibia and held inTngage- Development of the invention smce rta iniual concep- 

menTS^™te and Kgaments to produce a more tion has shown that, while a vanety of prospectively 

S^Uke sitoation. HoweveTthese more recently pro- 65 advantageous forms are po^ble wnhm the more gen- 

Sabfa^c^tradictory requirement in that match- eralscope of the invention, the above confluences can 

KmTengaged surfaces oftiie components to afford result from a relatively simple form of the invention in 

Srm k^d^bution allows little freedom for varia- which the engaged femoral and meniscal bearing sur- 
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faces are part-spherically shaped, and the engaged me- in prior art designs. Naturally, since there are no liga- 
niscal and tibial component bearing surfaces are planar. ments and tendons in an artificial limb, the present de- 
Moreover, continued development of the invention vice will require the addition of tensile elements inter- 
has shown that the mechanics of the device initially connecting the first and second components for stabil- 
conceived for the knee joint are advantageous in appli- 5 ity. Similar considerations apply to an exoprosthesis of 
cation to other joints. This more general application of so-called "orthotic* 1 form used to assist, rather than 
the invention is particularly relevant to joints of an replace, a natural joint function, 
incongruous form involving two bones with mutually In order that the invention may be fully and clearly 
co-operating articular surfaces which are respectively understood, the same will now be described by way of 
convexly shaped and relatively flattened or somewhat 10 example with reference to the accompanying drawings, 
concavely shaped. In addition to the knee, such joints in which: 

are found in the shoulder, the wrist, the ankle, the fin- FIGS. 1 and 2 are respective mutually-perpendicular, 

gers, and the toes. schematic cross-sectional views of one embodiment of 

The relevance of this more general application of the the above simple form of the invention as applied to an 

invention is based on a particular view of the form and 15 endoprosthetic knee joint device, 
function of the basic elements of the joints in question, FIO. 3 schematically illustrates a modification of 

these elements being the articular surfaces and adjacent such embodiment, and 

bone, the ligaments, and the tendons through which the FIG. 4 illustrates another modification of such em- 
muscles act on the bones. This view holds that the artic- bodiment. 

ular surfaces allow substantially all movements except 20 The embodiment of FIGS. 1 and 2 is a bicondylar 

mutual interpenetration, with the adjacent bone serving device comprising two sets of components for use in 

predominantly to transmit compressive forces, and that respective substitution for the lateral and medial con- 

the other elements control and limit the surface move- dyles and menisci of the natural knee joint. The two sets 

ments while themselves serving to resist and transmit of components can be identical and so, for convenience, 

tensile forces. Thus, there is an interdependence be- 25 the structural form of only one set will be described, 
tween the elements of a joint, and this interdependence In the relevant set, the femoral, tibial and meniscal 

is vital to the overall performance of a joint having components are respectively denoted by reference nu- 

incongruent surfaces which can provide little inherent merals 10, 20 and 30. Also shown in FIGS. 1 and 2 in 

stability. broken outline are the associated distal end portions of 

There is support for the above view in the following 30 the femur and the proximal end portion of the tibia at 40 

facts: and 50, respectively. 

The femoral component comprises a bearing body 11 

(a) The incongruous joints in question each involve at in the general form of a longitudinally curved strip of 
least one elongate bone and such bones have their which the convex face defines a part-spherically shaped 
articular surfaces on bulbous regions at the ends of 35 surface 12 to serve as an articulatory bearing surface, 
shafts. The concave face of the body 11 serves as a fixation 

(b) The bulbous regions are formed predominantly of surface 13 adapted for securement to the femur in ac- 
trabecular bone with a relatively thin casing of corti- cordance with existing techniques so that the surface 12 
cal bone, while the shafts comprise thick tubular serves as a femoral condylar surface replacement. In the 
structures of cortical bone. 40 present instance this securement is to be effected with 

(c) The trabeculae of the bone adjacent to the articular the use of acrylic bone cement and for this purpose the 
surfaces is aligned generally perpendicularly thereto surface is formed with one or more intracancellous 
and this alignment continues to the shaft. This struc- stems 14 integrally projecting therefrom, and the sur- 
ture is singularly well adapted to resist and transmit face 13 is also grooved. 

compressive stress and contrasts with that of the shaft 45 The tibial component 20 comprises a bearing body 21 

which has a general ability to transmit compressive, in the form of a D-shaped platform of generally uniform 

tensile and shear stresses. thickness. One face of the body 21 defines a planar 

(d) The ligament connections to an elongate bone in a surface 22 to serve as an articulatory bearing surface, 
joint are generally found at the region where the shaft The other face of the body 21 serves as a fixation sur- 
joins the bulbous region. 50 face 23 adapted for securement to the tibia, in accor- 
dance with similar techniques to those for the femoral 

Application of the invention in this context is ad van- component, so that the surface 22 serves as a tibial con- 

tageous in that substantially only compressive force is dylar surface replacement. For this purpose the surface 

transmitted by the device, and the first and second com- 23 is formed with one or more intracancellous stems 24 

ponents can be substituted for the convex and relatively 55 integrally projecting therefrom, 
flattened articular surfaces for optimum compatibility The meniscal component 30 comprises a bearing 

with the adjacent bone structure. At the same time, the body 31 in the form of a circular disc. One face of this 

third component can be selected from a range having body is concavely part-spherically shaped to the same 

differing thicknesses to ensure that there is no undue radius as the surface 12 of the femoral component to 

laxity in the ligaments and tendons such as would other- 60 serve as an articulatory bearing surface 32 engaged with 

wise render the prosthesis unstable. the surface 12. The other face of the body 31 is planar to 

Given the above-proposed more general application serve as an articulatory bearing surface engaged with 

of the invention and its advantage in affording complex the surface 22 of the tibial component, 
motion capabilities, yet further development also indi- In use of these components the femoral and tibial 

cates the possibility of application as an exoprosthetic 65 components are secured to suitably prepared sites in the 

joint in an artificial limb. This has particular relevance femur and tibia, and the meniscal component is then 

to the knee joint in an artificial leg where rotatory engaged therebetween. The overall surgical procedure 

movement about the longitudinal axis is not catered for need involve no special requirements since this proce- 
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dure can be similar to those already developed for exist- tachment for the purposes of component securement. 

ing bicondylar knee joint devices such as the so-called However, even in this form, the device can be varied 

Tolycentric' prosthesis devised by Gunston. from the illustrated embodiment. 

A primary advantage of the illustrated device results One such variation is illustrated by FIG. 3 in which 

from the first three consequences noted above, namely, 5 modified tibial and meniscal components are shown, 

that the movements of the natural joint can be closely The modification involves the provision of a generally 

simulated without significant distortion of the natural mushroom-shaped projection 25 from the central zone 

controlling and stabilizing mechanisms while, at the of the tibial component bearing surface 22. This projec- 

same time, uniform distribution of surface pressure is tion is engaged in an undercut recess 34 in the meniscal 

maintained through the device. In so far as the shaping 10 component. The mouth of the recess has a diameter 

of the component bearing surfaces do not precisely significantly larger than that of the projection stem, but 

reproduce the natural condylar shapings, there can be is slightly smaller than that of the projection head, so 

some differences in the respective overall positional that engagement of the projection and recess involves a 

relationships between these shapings for a given operat- snap action whereafter relative sliding movement can 

ing condition of the muscles and ligaments during the IS occur in all directions of the surfaces 22 and 33 up to the 

flexion-extension cycle. However, these differences will limits imposed by abutment of the projection with the 

be very minor and this has been confirmed by a cadav- recess side wall. Preferably the projection and recess 

eric trial in which the known characteristics of the are of equal depth with planar surfaces at their respec- 

natural joint movement were clearly exhibited Thus: tive free end and base, which surfaces are parallel to the 

the femoral component rotated with little translational 20 surfaces 22 and 33 so that the former surfaces are slid- 

movement relative to the tibial component during initial ably engaged when the latter surfaces are similarly 

extension the femoral component continued to rotate engaged. 

with increasing forward translation of the meniscal Although it is considered that the meniscal compo- 
component during further extension so that the axis of nent of an embodiment such as that of FIGS. 1 and 2 
femoral-tibial rotation moved forwardly on the tibia; 25 can be adequately captively retained between the other 
the latter translation was accompanied by a transverse two components, the modification of FIG. 3 can pro- 
rotation near full extension so that the tibia twisted vide enhanced stability without compromising the de- 
relative to the femur about the longitudinal axis of the sired motion capabilities. The preferred sliding engage- 
leg as in the so-called 'screw home' action; and a reverse ment between the projection and recess maintains die 
sequence of events occurred. 30 area of contact between the tibial and meniscal compo- 
It is to be noted that, while this sequence of events nents relative to FIGS. 1 and 2, and in fact slightly 
entails relative rolling, sliding, and twisting between the increases this area. 

femur and tibia, the components of the device are only A similar stabilizing arrangement can be affected 

subjected to sliding movements under uniform pressure between the meniscal and femoral components by use of 

distribution. Accordingly, as a further advantage, there 35 a projection from surface 32 and a slotted recess in 

will be no undue dynamic stresses leading to acceler- surface 12. 

a ted wear in the components. Stability of the meniscal component can also be en- 
Other advantages stem from the meniscal component hanced by elongating this component to an oval form in 
This component is readily replaceable by way of simple plan view so that the curved area of contact with the 
surgery to take account of wear. Further advantage can 40 femoral component, which is a basic cause of meniscal 
be taken of this fact by making the meniscal component component entrapment, is increased. In use, this elonga- 
of plastics material and the other components of metal tion is preferably maintained in a generally anteroposte- 
so that the interfaced materials can provide known low rior attitude and, for this purpose, it may be appropriate 
friction properties, the secured components will be to provide the tibial component with a raised side wall, 
inherently stable, and the more likely long-term wear ,45 as indicated at 26 in FIG. 3, to limit the extent to which 
will occur in the more readily replaceable component. the meniscal component can spin. 

A further advantage stemming from the meniscal Enhanced stability in a lateral sense may also be pro- 
component is that this component can be made available vided in a bicondylar device according to the invention 
in a range of different thicknesses and the surgeon can by mutually laterally inclining the interface between the 
select from this range to tension the capsule appropri- 50 tibial and meniscal component surfaces 22 and 33. While 
ately, particularly to avoid undue laxity, and also to this can be effected by the provision of appropriately 
correct any varus or valgus deformity. inclined sites on the tibia for tibial components of uni- 
Yet another advantage of the illustrated device is that form thickness, generally wedge-shaped tibial compo- 
the surgeon is relieved and the requirement to locate the nents can be provided for use in more conventionally 
femoral and tibial components in a closely prescribed 55 disposed sites. 

positional relationship when securing the same. This Also, it will be appreciated that the proposed form of 

requirement normally arises with existing devices, but bicondylar device is not limited to use of particular 

the meniscal component of the present device serves as securement techniques or specific materials, 

a self-adjusting intermediary to accommodate different The invention is also applicable to other than bi- 

positional relatinships between the other two compo- 60 condylar devices. In a simple form the invention can be 

nents. applied to a device having a singular set of components 

While the invention has been described with more for the whole knee (as in the so-called ICLH device); a 

particular reference to the illustrated embodiment, it is bicondylar form can be modified by integrating some or 

not intended that the invention be limited thereby. The all of the corresponding components while providing 

provision of the invention in a bicondylar device form is 65 slotted component structures for retention of the cruci- 

presently preferred since this form offers special advan- ate ligaments (as in the so-called 'Geomedic' device); 

tages in the ability to retain the cruciate ligaments and the bearing surface of the femoral component can be of 

the absence of an inherent requirement for patella de- varying curvature and differ at least in part from that 
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with which it articulates (as in the ICLH device); and 
the engaged surfaces of the tibial and meniscal compo- 
nents need not necessarily be planar, but these surfaces 
will be relatively flat compared to the other engaged 
surfaces. These variations will not necessarily afford all 
of the advantages discussed above, but it is clearly possi- 
ble to obtain advantage relative to the nearest equiva- 
lent device among those previously proposed. 

Also, modification can be made by the use of resilient 
plastics material for the meniscal component so that this 
component can comply with changing geometry, par- 
ticularly in an associated femoral surface, during articu- 
lation. Preferably, any such resilience should reside 
predominantly in the longitudinal axial direction rela- 
tive to the leg, that is, generally perpendicularly relative 
to the meniscal component bearing surfaces, while the 
component is relatively stiff ckcumferentially to re- 
strain radially outward components of load as in the 
natural menisci. Such differential resilience may be 
achieved with a circumferentially fibre-reinforced plas- 20 
tics construction, such as is shown in FIG. 4, wherein 
silastic rubber component 35 is disposed within an annu- 
lar sock 36 of nylon or other synthetic fibre. Moreover, 
such a meniscal component may find application alone 
for engagement between the natural femoral and tibial 23 
condyles in treatment of conditions such as those which 
result from sporting activity, and are currently treated 
by so-called cartilage removal. 

We claim: 

1. A prosthetic joint device comprising: 
a first component having a generally convex articula- 

tory bearing surface; 

a second component having a relatively flattened 
articulatory bearing surface compared to that of 
said first component; 

and a third component having two articulator bearing 
surfaces in back-to-back disposition and of individ- 
ual forms substantially complementary to said first 
and second component articulatory surfaces, said 
third component being located between said first 40 
and second components with the two pairs of said 
complementary surfaces freely slidably and indi- 
vidually non-captively engaged. 

2. A device according to claim 1 wherein said first 
component surface and said third component surface 45 
complementary thereto are each part-spherically 
shaped to equal radii of curvature. 

3. A device according to claim 1 wherein said second 
component surface and said third component surface 
complementary thereto are each planar. 

4. A device according to claim 1 wherein each of said 
first and second components is of integral metal con- 
struction, and said third component is of integral plas- 
tics material construction. 

5. A device according to claim 1 wherein said third 
component is in the form of a disc of resilient material 
which disc is circumferentially reinforced to restrain 
radially outward movement of said material otherwise 
caused by varying patterns of axially-directed load 
thereon. 

6. A prosthetic joint device comprising: 

a first component having a generally convex articula- 
tory bearing surface; 

a second component having a relatively flattened 
articulatory bearing surface compared to that of 65 
said first component 

a third component having two articulatory bearing 
surfaces in back-to-back disposition and of individ- 
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ual forms respectively substantially complemen- 
tary to said first and second component articula- 
tory surfaces, said third component being located 
between said first and second components with the 
two pairs of said complementary surfaces engaged 
for sliding articulatory movement therebetween; 
and a linkage between said third component and one 
of said first and second components, such linkage 
including a projection from the respective bearing 
surface of one of the linked components, and a 
recess in the respective bearing surface of the other 
of the linked components, said projection extend- 
ing into said recess and being laterally movable 
therein. 

7. A device according to claim 6 wherein said projec- 
tion extends from said second component, and said 
recess is formed in said third component. 

8. A device according to claim 7 wherein said projec- 
tion is generally mushroom shape, and said recess is 
undercut to receive said projection by a snap fit. 

9. An endoprosthetic bone joint device for a joint of 
non-congruous form having first and second bones with 
respective articular surfaces of individually greater and 
lesser curvature, said device comprising: 

a first component having a convex part-spherical 
articulatory bearing surface, and adapted for se- 
curement to said first bone to substitute said surface 
of greater curvature; 

a second component having a first planar articulatory 
bearing surface, and adapted for securement to said 
second bone to substitute said surface of lesser 
curvature; 

and a third component having two articulatory bear- 
ing surfaces in back-to-back disposition, one of said 
two surfaces being of concave part-spherical shape 
with equal curvature to said convex surface, and 
the other of said two surfaces being a second planar 
surface; 

said components each being of one-piece construc- 
tion; 

and said third component being located between said 
first and second components with said convex and 
concave surfaces, and said first and second planar 
surfaces, respectively in complementary free-slid- 
ing, individually non-captive engagement. 

NX An endoprosthetic knee joint device, comprising: 

a femoral condylar component adapted for secure- 
ment to the femur and defining two like convex 
part-spherical articulatory bearing surfaces in 
spaced 8ide-by-side disposition; 

a tibial condylar component adapted for securement 
to the tibia and defining two like first planar articu- 
latory bearing surfaces in spaced side-by-side dis- 
position facing said convex surfaces to form two 
pairs of facing surfaces; 

and two like meniscal components each defining two 
articulatory bearing surfaces in back-to-back dispo- 
sition, one of such two surfaces being of concave 
part-spherical shape with equal curvature to said 
convex surfaces, and the other of such two surfaces 
being a second planar surface; 

said meniscal components being located and held 
between said femoral and tibial components in 
sidc-by-side disposition, with said concave surface 
and said second planar surface of each of said me- 
niscal components in respective sliding engage- 
ment with said convex surface and said first planar 
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surface of a different one of said two pairs of facing BB ^ said tibial component comprises two like separate 

surfaces. sub-components respectively defining said first planar 
11. A device according to claim 10, wherein said 

femoral component comprises two like separate sob- surfaces. 

components respectively defining said convex surfaces, 5 * * * * * 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



65 



12/15/2003, EAST Version: 1.4.1 



